To evaluate the effect of Hip Hop Stroke, a school-based multimedia musical stroke literacy intervention that targets children aged 8Ϫ12 in high-risk minority communities, on the long-term learning of stroke knowledge.
METHODS Study design. We compared group level test scores on stroke knowledge domains before, immediately after, and 15 months after the intervention. We did not contact the students during this 15-month period, and the students were not forewarned of our return. All data collected were anonymous.
This study was approved by the Columbia University institutional review board.
Setting. We enrolled a convenience sample of 104 fifth and sixth grade students aged 9 -12 years from 2 public schools in Central Harlem, New York, an economically disadvantaged, high stroke risk community. Of the students, 75% were non-Hispanic black and 25% were Hispanic; 67% fulfilled federal poverty criteria required to be eligible for free meals in school.
Intervention. HHS is a multimedia stroke literacy intervention based on validated theoretical models of behavior change that targets children aged 9Ϫ12 and their parents through what we have called Child-Mediated Stroke Communication, 1,2 involving specific homework activities designed for child-parent engagement. The curriculum is delivered in3 1-hour assemblysetting sessions administered over 3 consecutive days. HHS uses rap music, cartoons, a video game, a comic, and role-play to teach children to recognize stroke symptoms and take urgent action. Multimedia can be viewed at http://hiphoppublichealth. org/HHS_Educational_Tools. Homework activities include reading a stroke comic and completing a quiz with a parent and playing a stroke video game in a password-protected online Secret Sanctuary that children are given access to, where they can view cartoons and download stroke-relevant rap songs (figure 1). Theoretical underpinnings of HHS are based on 2 theories demonstrated to be important predictors of behavior change: selfefficacy theory, 7 which posits feedback loops that increase children's confidence in their mastery of understanding stroke symptoms, and reasoned action theory, 8 which suggests that a series of related cognitive constructs operate to produce an intention to act, serving as a precursor to the desired outcome (that is, making use of stroke information as part of standard practice). These constructs, when presented to children in the context of a systematic intervention, take advantage of their potential role in the health management family structure and of promoting their self-perception as agents of change in this regard.
Assessments. Baseline surveys evaluated stroke knowledge using multiple-choice questions, and stroke action (calling 911) was assessed using hypothetical stroke scenarios. Testing was conducted at baseline (pretest [PT]), immediately after the intervention (immediate posttest [IP]), and 15 months after the intervention (delayed posttest [DT] ). Only children who acknowledged participating in the initial HHS program were enrolled in the DP. A composite score was created by counting the number of correct responses to the traditional 5 stroke symptoms (except that facial weakness was taught in the context of unilateral weakness) and a distracter (chest pain) (maximum score ϭ 6). Wireless audience response systems given to each child were used for data collection and rapid analysis of group level test performance.
Statistical analysis. Descriptive statistics were prepared for all responses to questions using frequencies and percentages. The composite score was summarized using a mean and SD. Comparisons between PT and IP, PT and DT, or IP and DP were made using independent samples testing methods because pretests and posttests were not tracked at the individual level. We imputed missing responses as incorrect. 2 tests were used for all comparisons except the composite score for which a two-sample t test was used. All analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC). 
RESULTS
A total of 104 students completed the PT and IP; 85 students completed all 3 measures, which included a 15-month DP (81.7% retention rate). Responses to questions are summarized in figure 2 . We had a missing data rate of 8.5%. The baseline composite score was 3.2 (SD 1.5). At IP, stroke knowledge increased significantly across all items: stroke localization (91.4%, p Ͻ 0.0001), calling 911 (85.6%, p Ͻ 0.001), and composite score (5.3, SD 1.0, p Ͻ 0.0001) (table) . At DP, the composite score was 4.7 (SD 1.1), which was a significant increase from pretest ( p Ͻ 0.0001, PT vs DP), and knowledge of stroke localization (80.0%, p Ͻ 0.0001, PT vs DP) also increased significantly from pretest. Stroke knowledge was retained for all measures except sudden headache, decreasing by less than 15% from IP to 15-month DP, and the composite score decreased by less than 1 point (table) .
DISCUSSION
In this study, we show that 9-to 12year-old students living in a high stroke risk community can learn and retain stroke knowledge for up to 15 months after a brief 3-hour intervention. Our findings suggest that 1) the HHS intervention had a strong positive effect on the target group in terms of learning and retention and 2) a 3-hour per year frequency of the intervention incorporated into a school health education curriculum may be sufficient to maintain meaningful stroke knowledge over the long term. To the best of our knowledge, our results represent the longest postintervention follow-up stroke knowledge assessment among young children published to date. Our study had several limitations. Knowledge is necessary but may not be sufficient to enact behaviors such as calling 911 immediately in the event of a stroke. The use of closed-ended questions may have influenced some responses, particularly behavioral intent to call 911. Analyses were performed at the group level and not at the individual level because we did not track individuals across the testing sequence. We found less retention of headache as a stroke symptom, which may be related to the ubiquitously benign nature of this symptom and the relative lack of emphasis on headache in our song lyrics, video game, and stroke cartoons. Finally, our study sample was small, and we used a pretest-posttest nonrandomized design without a control group. We were unable to control for the possible exposure to other local stroke campaigns during the study period, although our group was not aware of such activities in Central Harlem.
Taken together with our group's prior work, 2,3 a 3-hour HHS curriculum divided into 1-hour classes and repeated annually in a school setting may represent a useful strategy for maintaining the awareness of stroke symptoms and their urgency among lowincome children and their parents. 
